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RESUME 
Des études récentes sur le changement climatique ont dévoilé une probabilité 
croissante de crues éclairs en Europe de l’Ouest, tant au niveau de leur fréquence 
que de leur intensité. Une crue éclair est provoquée par des pluies localement très 
intenses. Le projet URBAS se concentre sur l’apparition de telles crues en zone 
urbaine en Allemagne. Son objectif est l’amélioration de l’état d’alerte potentiel et la 
mise à disposition de différentes possibilités de réponse pour les acteurs urbains 
(municipalités, entreprises, etc.) avant et pendant de telles crues rares. 
Dans ce projet, des paramètres météorologiques, de débit et de dégâts liés à des 
crues éclairs seront examinés. Des nouvelles actions utiles et des mesures 
préventives avec des relations coût / valeur raisonnables seront développées. 
ABSTRACT 
Recent studies about climate change indicate a growing frequency and intensity of 
flash flood events in Western Europe. Flash floods are caused by extreme local 
precipitation. The URBAS project is concentrating on the urban occurrence of flash 
floods in Germany. URBAS has as a main objective to increase the preparedness  
and the range of possible actions of urban actors (e.g. communities, public 
enterprises) before and during rare small scale flood events. 
Within URBAS meteorological parameters, runoff and damage of flash floods are 
investigated. Innovative and feasible actions and precautionary measures of a 
reasonable cost-value-ratio are to be developed. 
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1 INTRODUCTION 
1.1 Motivation 
Recent studies about climate change indicate a growing frequency and intensity of 
flash flood events in Western Europe. Flash floods are caused by extreme local 
precipitation and are accompanied by thunderstorms.  
Precipitation of these events exceeds the values of design storms used for design of 
the drainage systems and surface hydraulic structures in towns. These  events may 
cause an overflow of domestic drainage, sewage systems, storm water systems and 
small urban rivers and may trigger flooding in urban areas. 
The URBAS project is concentrating on the urban occurrence of flash floods and 
being supported by the German Ministry of Research in the framework of the RIMAX 
project cluster. RIMAX is grouping together more than 30 projects which are all 
investigating aspects of extreme floods in Germany. 
URBAS has as a main objective to increase the preparedness  and the range of 
possible actions of urban actors (e.g. communities, public enterprises) before and 
during rare small scale flood events. 
 
Figure 1: Spatial distribution of urban flash floods in Germany since 1990 
1.2 Urban Flash Floods – significance of the phenomenon 
Urban flash floods are flood events which cause damages in small catchment areas 
of less than 100 km² (and even less than 10 km²) and are caused by small scale rain 
events with volumes far above design rainfall for the concerned hydrological 
structures. 
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Little is known about distribution, frequency and typical damage of such events. There 
are no adequate forecast or warning systems, poor knowledge about effective 
precautionary measures and disaster control. 
Since the impact of extreme events on a small area remains limited to a small part of 
an urban area, these events frequently are not widely publicised although they are – 
locally – causing considerable damage. The large number of such small events sums 
up the damage volume to several million € per year only for Germany. In regions with 
more predominant convective activity, the impact may even be larger. 
1.3 Improvement of precaution, warning and management 
Within URBAS meteorological parameters, runoff and damage of flash floods are 
investigated. Innovative and feasible actions and precautionary measures of a 
reasonable cost-value-ratio are to be developed. 
2 LEARNING FROM CASE STUDIES 
2.1 Event data base for Germany 
URBAS is producing a data base for Germany of urban flash floods and rainfall 
events spanning over the period since 1990. It collects all flash flood events with 
reported damage in the past 15 years based on different sources, like insurances, 
newspapers, internet, weather service and others.  
Fig. 1 shows the spatial extent of events in the database. At the end of 2006, more 
than 350 events have been collected.  
2.2 Case studies : organisation 
For 15 municipalities, “interesting” / “representative” case studies are performed. 
Modern technologies such as the German Radar Network for hydro-meteorological 
investigation of precipitation and runoff are investigated. An assessment of damage at 
the micro scale as well as ex-post-analysis of typical courses of action is carried out. 
Based on these studies, forecast tools are being improved and recommendations will 
be given concerning information management, early warning, precautionary 
measures and disaster control (e.g. Ackermann et al, 2006). 
Each case study has a particular focus which is being analysed in depth. These 
special investigations range from rainfall representativeness analyses via 2D 
hydraulic simulation to the improvement for operational warning systems and further 
on to recommendations for communal activities, like information, measures of 
precaution, city planning. 
Common element for each case study is a radar based overview of the rainfall 
distribution in order to provide guidance to the investigation of rainfall and flow related 
aspects. These initial analyses comprise the application of radar data correction 
schemes as well as adjustment of radar data to raingauges (Einfalt et al., 2004). 
3 ANALYSES OF RAINFALL STATISTICS 
Besides case studies, in-depth meteorological investigations comprise the analysis 
and overview of occurences of convective events in Germany. Based on six years of 
radar data derived from the 16 network radars of DWD, a statistical analysis of 
magnitude and appearance of heavy rain events and convective cells is being 
conducted. Radar data from the cell-tracking product CONRAD is used for that 
purpose. The advantages compared to conventional radar data are additional 
information characterising convective cells, e.g. cell tracks, life-span of cells or 
warnings like hail or gusts etc..  
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Radar data offer true areal distribution of precipitation and true tracks of convective 
cells. This accuracy regarding space is very important for the small scale events of 
urban flash floods and cannot be gained by trditional point measurements. 
To get an impression of the statistical analyses, the frequency of occurence of heavy 
precipitation warnings (> 12 mm / 30 min) is shown below for one radar (fig. 2).  
Figure 2 is based on CONRAD data of the Munich weather radar from 2000 - 2005. 
Several hot-spots of heavy precipitation can be noticed, especially in the southern 
and south-western part.  
 
Fig. 2. Absolute frequency of occurence of heavy precipitation warnings for the Munich weather 
radar from 2000-2005. 
 
Fig. 3. Absolute frequency of occurence of pixels > 28 dBZ for the Munich weather radar from 
2000-2005. 
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But how significant is figure 2 ? The location of the Munich radar is not ideal because 
of clutter problems and shading effects. Figure 3 can be used as a first guess for 
radar quality. It shows the frequency of occurence of pixels of moderate rain.  
There are two suspicuous patterns of low frequency in this image that must be treated 
with caution. The first one is the mountain range in the southern part as a result of 
clutter (correction). The second one is the appearance of beam blockage in the 
northern part caused by obstacles near the radar.  
The combination of figures 2 and 3 reveals in which areas the observed frequency of 
occurence of heavy precipitation pixels is biased.  




































Fig. 4 Legal frame for communal measures of precaution for flash floods 
4.1 Legal frame 
In Germany, there are four legal systems that are governing the municipal action 
framework in connection with urban flash floods. With few exceptions, they can be 
considered to be jurisdiction for police and security on the one hand and for planning 
on the other hand (Fig. 4). Comparable legal instruments are in use all over Europe. 
Table 1 is giving an examplary overview over the tasks and possible activities in the 
regional planning context. Similar schemes exist for water law, police law and 
construction law. 
 
Tasks Action choice 
Regional planning and urbanism 
Municipal Act 
Preparation and controlling the use of 
land within a municipality, for buildings or 
for other purposes 
Land-use plans are to prepare as soon 
as and to the extent that these are 
required for urban development and 
regional policy planning 
Consideration of 
• Healthy living and working conditions 
• Population safety at home and at 
work 
• Preservation, development and 
renewal of existing urban quarters 
Participation of public agancies and 
the public 
Preparatory and legally binding land-
use plan with:  
• Type and degree of construction and 
land use 
• Coverage type, plot area to be build 
on, position of physical structure 
• Land to keep free and its usage 
• Surface areas for retention, for 
infiltration of storm water and for main 
sewers 
• Surface areas of water designation, 
and areas for flood defence and 
drainage or to be kept clear for such 
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Tasks Action choice 
• Requirements of flood protection usage 
• spaces to be encumbered with rights 
of passage in favour of general public 
• Planting and obligations relating to 
planting and to the preservation of 
greenery, and of water bodies 
Indication of areas requiring special 
physical safeguarding measures as 
protection against the elements 
Assigned flood plans should be adopted 
Remark of flood prone areas without legal 
fixation  
Table 1 Choices of action for regional planning and urbanism (extract) 
4.2 Land management 
In case of a surcharge of a sewage system, runoff must be channelled to areas, 
where only little damage can be expected. Instruments to keep these emergency flow 
paths and retention areas free from buildings and vulnerable infrastructure are the 
preparatory land-use plan and the legally binding land-use plan.  
Constraints of land-use may significantly reduce damage, too. In areas prone to 
flooding, basements and underground parking should be prohibited. Further 
instructions e.g. as to build light wells and garages higher above ground shall be laid 
down in district development plans. 
4.3 Constructional precautionary measures 
Focus of constructional precautionary measures is a single building at risk. Intrusion 
of water into the building is to be prevented as far as possible. German building laws 
provide numerous possibilities for protective measures. One of these, efficient and 
inexpensive, is a backwater valve against drainage flood. Backwater valves are 
installed in between the sewer system and the drain system inside the building. If 
flooding of a building can not be avoided, damage is to be restricted as much as 
possible. A crucial fact is that no dangerous materials should be kept in rooms prone 
to flooding. 
4.4 Information and organisational improvements 
Information for citizens and involved authorities is of utmost importance. In our case 
studies we have found several good examples how authorities point to the potential 
hazard of flash floods and provide brochures with essential recommendations for 
house owners. 
In general, organisation needs to be improved. This refers to the cooperation between 
authorities of a town, such as town planning, civil engineering, municipal water and 
sewer authorities, police and fire brigade units as well as civil protection. Each 
authority restrains responsibility for to own realm. Therefore, although much 
knowledge exists, it is crucial to put a great effort into exchange of knowledge about 
coping with flash floods. 
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5 TOWARDS A BEST PRACTICE MANUAL: EXAMPLES 
5.1 Lübeck : planned floodways 
According to the results of the investigations in the URBAS project, there are only 
very few municipalities which have plans in case of flooding of constructed areas due 
to sewer overflow. The municipal regulations have formulated requirements for the 
protection of buildings, such as mentioned in 4.3.  
 
 
Fig. 5: Emergency floodway in a legally binding land-use plan of Luebeck 
However, it is known that these regulations are rarely followed, and therefore it is one 
objective of the URBAS project to spread knowledge about best practice examples 
from municipalities which go beyond these regulations and provide practical 
measures for risk reduction during flash floods. One example is the legally binding 
land-use plan of a new housing quarter in Luebeck where for the flood prone region, 
“emergency water evacuation ways” or floodways have been determined between 
houses (fig. 5). Besides these floodways, examples of retention ponds in public parks, 
requirements and restrictions for buildings in hazard zones have been collected as 
examples from different sources. 
5.2 Hamburg : warning system based on weather and hydrology 
information 
Because of the very short time between rain event and potential damages the 
organisation of disaster management and disaster control measures is very 
important. Fig. 6 shows an example of diagrammes and decision tables, which are 













X WW WU WUEX
0  W W A 
1 W W A A 
2 A A A A 
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Warning mode 
X : no warning 
WW : heavy rainfall 
WU : abundant heavy rainfall 
WUEX : extreme continuous rain 
Warning level 
 0 : no significant initial water level 
 1 : annual food level reached at three gauges in Hamburg 
2 : mean flood level reached at three gauges in Hamburg 
W : warning 
Adminstration, fire brigade and police units are prompted to start preventive 
measures. Construction and sewer system locations considered problematic will 
be checked to ensure complete hydraulic capacity 
A : alert 
Administration, fire brigade and police units are alarmed. Radio stations receive 
information about imminent flood and forward the information to the public. Thus 
the public is able to adapt to the flood situation and to take preventive measures.  
All responsible units check construction and infrastructure prone to flooding. 
Objects prone to flooding will be secured using sandbags and mobile flood 
protectors. 
This decison matrix presents a direct connection between rainfall forecasts and 
meaured water levels in the municipal creeks. It is a very efficient means for judging 
the danger level and for deciding on whether to issue a warning to the emergency 
relief teams. 
5.3 Exchange of experience with communities 
The interviewed municipalities from the case studies expressed the recommendation 
to organise an exchange of experience with all participating municipalities and others 
which might be interested. This event is foreseen to take place in spring 2007, and 
will improve the view on best management practices and their consideration among 
the decision makers. 
6 RESULTS 
The following results have already been achieved: 
• A database with flash floods and heavy rainfall events in Germany 
The following results will be the next steps in the workplan : 
• The improvement of the quality of flash flood forecasts 
• A detailed analysis of 15 case studies 
• Hazard maps and risk maps for chosen case studies 
• An approach to a flash flood hazard map for Germany 
• The development of measures and recommendations for a preventive flood 
control of flash floods in urban areas 
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